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•

• Protein thermodynamic properties can be
•

.

determined while observing and evaluating the
unfolding process.
Students who take this lab that utilizes aspects
from both Biochemistry and Physical Chemistry
will bolster their understanding of the protein
unfolding process and the thermodynamic
changes associated with it.

Monitoring Unfolding Using CD Spectrometer:
• Wavelength scan was

•

•

• Proteins used for thermodynamics

•

buffer at pH 7.5 was created to
ensure proper protein suspension
for both wavelength and thermal
denaturation scans.
• This buffer restricts the protein
from unfolding naturally. This is to
ensure unfolding occurs primarily
due to heating up.
• Figure 2 (right) shows creation of
the potassium phosphate buffer.

•

were B-amylase, Chymotrypsin,
Papain, BSA, RNAse A, Trypsin,
and Lysozyme.
•
Proteins were chosen because
they all exhibit a wide variety of
Figure 1, Structure
secondary structures.
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used to determine the
secondary structure of
proteins.
Figure 3 (right) shows
the
circular dichroism
instrument available at
WSU.
Wavelength scan used phosphate buffer as a baseline while
running through the wavelength range of 220 nm – 350 nm.
Thermal Denaturation (TD) scan ran each protein from 2090 ℃ with a ramp rate of 1 ℃/min running at wavelengths
210 nm and 220 nm for each data point.
Converted data to molar ellipticity to start determination of
thermodynamic properties.

• The first draft of this lab protocol was offered to both a
•

physical and biochemistry lab group.
Both lab sections had the students perform the assigned lab
protocol and design a lab report based on the thermodynamic
data analysis results.

Physical Chemistry Group
• The physical chemistry students were given a pre-post quiz to
•

determine if the lab is a proper learning tool.
The results of the pre-post quiz showed an average of 31.1 %
improvement for each student when retaking the quiz.

•

BSA Thermal Profile

1.2
1
0.8
0.6
0.4
0.2
0

Folded

0

Figure 4” structure of BSA
evaluated in PyMOL. Used to
visualize secondary structure.
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Figure 5: BSA thermal profile. Assuming
start of TD scan , protein is 100% folded
and end of TD scan, protein is 100%
unfolded.
Van't Hoff Plot for BSA
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•

• 10 mM Potassium Phosphate

data plots in order to find melting temperature, enthalpy, entropy and Gibbs free
energy
Below is the process of data analysis using data found from the denaturation of
Bovine Serum Albumin (BSA). Students were required to provide the data analysis
for every protein evaluated.
Fraction Denatured

•

aspects
from
physical
chemistry
and
biochemistry to help student understanding.
Lab utilizes circular dichroism thermal
denaturation to evaluate the protein unfolding
process and the wavelength scan to determine
secondary structure composition.
Thermodynamic data analysis developed from
physical chemistry is used to find entropy (∆S),
enthalpy (∆H), and Gibbs free energy (∆G).
Students taking this lab have to compare their
final entropy, enthalpy and Gibbs free energy to
literature values to determine validity.

• From the Molar ellipticity data found on the TD scan, students developed a series of

ΔG° (kJ/mol)

• Goal was to design a lab protocol utilizing Preparation of Phosphate Buffer:
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Figure 6: ΔG° Profile of BSA at
various temperatures using the
equation: ∆𝐺 = −𝑅𝑇𝑙𝑛𝐾 . Melting
temperature is the x-Intercept.
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Figure 7: Van’t Hoff Plot for BSA used
to determine ∆H of BSA using the
equation −𝑠𝑙𝑜𝑝𝑒 ∗ 𝑅 = ∆𝐻. ∆H is positive
during the protein denaturation, an
endothermic process.

• The thermodynamic properties of a variety of proteins can be determined using a
thermo-denaturation scan on the circular dichroism instrument.
• Based on the lab effectiveness data and satisfaction survey, this general lab
protocol proves to be an effective lab in both a physical and biochemistry setting.

Biochemistry Group

• The biochemistry students were given a post lab quiz 3 weeks
after the lab report was done to observe student learning. The
average student score on this quiz was 67.67%.
• These students also took a satisfaction survey to determine if
the lab was well received. Of the 45 responses, 73.3% were
positive.
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